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C H I L D H O O D  C A N C E R  R A T E S  A N D  E X P O S U R E  T O  
V E H I C L E  P O L L U T A N T S  
S a r a  J o  H i l l ,  J . D . ,  M . H . A .  C a n d i d a t e  
T h e  U n i v e r s i t y  o f  I o w a  
C a n c e r  i s  t h e  s e c o n d  l e a d i n g  c a u s e  o f  d e a t h  a m o n g  c h i l d r e n  a g e s  z e r o  t o  1 5  i n  t h e  
U n i t e d  S t a t e s  ( G o u v e i a - V i g e a n t  &  T i c k n e r ,  2 0 0 3 ,  p .  1 ) .  R a t e s  f o r  c h i l d h o o d  c a n c e r  h a v e  
i n c r e a s e d  n e a r l y  2 1  p e r c e n t  b e t w e e n  1 9 7 5  a n d  1 9 9 8  (  G o u v e i a - V i g e a n t  &  T i c k n e r ,  p .  1  ) .  
M u l t i p l e  f a c t o r s  c a n  b e  a t t r i b u t e d  t o  t h i s  i n c r e a s e .  P o s s i b l e  e x p l a n a t i o n s  i n c l u d e :  
i n c r e a s e d  s u r v e i l l a n c e ,  c h a n g e s  i n  d i a g n o s t i c  c r i t e r i a ,  i m p r o v e m e n t s  i n  m e d i c a l  i m a g i n g  
a n d  d i a g n o s t i c  t e c h n i q u e s ,  g e n e t i c  p r e d i s p o s i t i o n  a s  w e l l  a s  e n v i r o n m e n t a l  f a c t o r s .  
E x p e r t s  r e c e n t l y  c o n c l u d e d  t h a t  g e n e t i c  p r e d i s p o s i t i o n  a c c o u n t s  f o r  n o  m o r e  t h a n  2 0  p e r -
c e n t  o f  a l l  c h i l d h o o d  c a n c e r s  (  G o u v e i a - V i g e a n t  &  T i c k n e r ,  p .  1  ) .  W h i l e  t h i s  d e m o n s t r a t e s  
a  s i g n i f i c a n t  c o n t r i b u t i o n ,  i t  l e a v e s  t h e  m a j o r i t y  o f  c a n c e r  e t i o l o g y  u n e x p l a i n e d .  
E n v i r o n m e n t a l  f a c t o r s  h a v e  b e e n  p r o p o s e d  t o  c a u s e  a n y v " h e r e  f r o m  f i v e  t o  9 0  p e r -
c e n t  o f  n e w l y  d i a g n o s e d  p e d i a t r i c  c a n c e r  c a s e s  d e p e n d i n g  o n  t h e  s p e c i f i c  t y p e  o f  c a n c e r  
( G o u v e i a - V i g e a n t  &  T i c k n e r ,  p .  1 ) .  A  s e r i e s  o f  r e p o r t s  h a v e  s h o w n  a  s i g n i f i c a n t  a s s o c i a -
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tion between elevated cancer risk and exposure to vehicle exhaust (Crosignani , T ittarelli , 
Borgini et al. , 2004; Feychting, Svensson , & Ahlbo rn , ] 998; Knox & Gilman, 1997; 
Pearson , Wachtel, & Ebi , 2000 ; Savitz & Feingold, 1989 ). Some of the factors evaluat-
ed in these studies included exposure to traffi c density and estimated ni trogen dioxide 
concentration in o utdoor air. T he assumptio n in these studies was that traffi c density is 
correlated with the volume of petrochemical combustion byproducts, including benzene 
and nitrogen dioxide. Researchers in these studies concluded that clusters of childhood 
cancers within areas o f high vehicular pollutio n must indicate a causal relatio nship . 
Subsequent researchers have not been as eager to accept these resul ts as conclusory, 
citing the small scale of the studies and poin ting out potential errors in experimental 
design that may have led to false conclusions that hazardous air pollutants (HAPs) are 
causally linked to childhood cancer rates. After taking into account confo unding vari ables 
and increasing sample size, subsequent repo rts have fail ed to demo nstrate an associatio n 
between cancer rates and traffi c pollutants. For example, o ne study examined the associ-
ation between nitrogen dioxide and benzene concentratio ns in the air and childhood 
cancer rates, but fa iled to fi nd a significant correlatio n (Raascho u-N ielsen, H ertel, 
Tho msen, & Olsen, 2001 , p . 433 ). A related study foc using on childhood cancer rates 
among patients li ving near o il refineries emitting volatile o rganic compo unds also fa il ed 
to demonstrate a significant relationship (Wilkinson et al. , 1999 ). 
It is impo rtant to ascertain the implications of these conflicting studies. If childhood 
cancer rates are significantly associated with environmental pollu tants, tl1ere is o bvious 
potential fo r changes in natio nal po llution standards not to mention the opportunity fo r 
early interventio n to stop future cases. The purpose of this review is to synthesize the re l-
evant epidemio logical literature related to childhood cancer rates and hazardous air pol-
lutants. 
REVIEW OF STUDI ES 
To date, 18 peer-reviewed stud ies have been published addressing the link between 
air quali ty and childhood cancer. T he first studies were conducted in Denver, Colorado 
in the late 70s and through the 80s (Savitz & Feingold , 1989 ; Wertheimer & Leeper, 
1979 ). Most of the studies focused on the risks associated with residential traffic expo-
sure, and just over half of the studies were conducted in the U nited States (Reynolds, 
Von Behren, Gunier, Raascho u-Nielsen, 2004, p . 1). Eleven of the studies fo und posi-
tive associatio ns between childhood cancer and poor air q uali ty, while seven failed to fi nd 
a causal linkage. Studies that fo und no associatio n were usually much larger, more recent, 
and more comprehensive ( accounting fo r fo reseeable con fo unders ) than the studies that 
fo und a statistically significant association. T he most notable studies will be discussed 
below. 
STUDIES F INDING A P OSITIVE CORRELATION 
A particularly startling case-control study published in 1989 fo und that childhood 
cancers were significantly linked to high traffi c density near the subject 's home (Savitz & 
Feingold, 1989 ). Cases were defin ed as child ren ages zero to 14 who were diagnosed 
with cancer between 1976 and 1983 (Savitz & Feingold , 1989 ). The study was very 
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s m a l l ,  w i t h  a  t o t a l  o f  2 6 2  c a s e  a n d  c o n t r o l  s u b j e c t s  c o m b i n e d  ( S a v i t z  a n d  F e i n g o l d ,  
1 9 8 9 ) .  R e s e a r c h e r s  c a l c u l a t e d  a n  o d d s  r a t i o  f o r  c h i l d r e n  a g e d  z e r o  t o  1 4  l i v i n g  o n  s t r e e t s  
w i t h  t r a f f i c  d e n s i t i e s  o f  h i g h e r  t h a n  1 0 , 0 0 0  v e h i c l e s  p e r  d a y  o f  3 . 1  ( 9 5  p e r c e n t  c o n f i d e n c e  
i n t e r v a l  [ C I ]  1 . 2 - 8 . 0 )  f o r  t o t a l  c h i l d h o o d  c a n c e r s  a n d  4 . 7  ( 9 5  p e r c e n t  C l  1 . 6 - 1 3 . 5 )  f o r  
l e u k e m i a  ( 1 8  a n d  8  c a s e s  r e s p e c t i v e l y  f o r  t h e  h i g h  r i s k  c a t e g o r i e s )  ( P e a r s o n ,  2 0 0 0 ,  p .  1 7 6 ;  
R e y n o l d s ,  V o n  B e h r e n ,  G u n i e r ,  R a a s c h o u - N i e l s e n ,  2 0 0 4 ,  p .  1  ) .  
T h e  a u t h o r s  n o t e d  l i m i t a t i o n s  t o  t h e  s t u d y ,  i n c l u d i n g  t h e  c r u d e  m e a s u r e  o f  e x p o s u r e  
b a s e d  s o l e l y  o n  t h e  s u b j e c t ' s  r e s i d e n c e  a t  t i m e  o f  d i a g n o s i s ,  e x p o s u r e  m i s c l a s s i f i c a t i o n ,  
s m a l l  s a m p l e  s i z e  a n d  u n m e a s u r e d  c o n f o u n d e r s .  S e l e c t i o n  b i a s  w a s  a  m a j o r  i s s u e  i n  t h i s  
s t u d y  b e c a u s e  a  p r e r e q u i s i t e  f o r  c o n t r o l s  w a s  t h a t  t h e y  b e  l i v i n g  i n  t h e  s a m e  h o m e  t h e y  
h a d  l i v e d  i n  t h e  y e a r  t h e  c a s e  w a s  d i a g n o s e d ,  w h e r e a s  c a s e s  h a d  n o  s u c h  r e q u i r e m e n t  
( W a r t e n b e r g ,  1 9 9 8 ) .  T h u s ,  5 7  p e r c e n t  o f  t h e  c a s e s  h a d  m o v e d  s i n c e  t h e  y e a r  t h e  c a s e  w a s  
d i a g n o s e d ,  w h i l e  n o n e  o f  t h e  c o n t r o l s  r e l o c a t e d  ( W a r t e n b e r g ) .  R e g a r d l e s s  o f  t h e  d e s i g n  
f l a w s ,  a  s t u d y  s u g g e s t i n g  t h a t  c h i l d r e n  l i v i n g  i n  h i g h l y  t r a f f i c k e d  a r e a s  a r e  t h r e e  t o  f i v e  
t i m e s  m o r e  l i k e l y  t o  g e t  c a n c e r  t h a n  c h i l d r e n  w h o  l i v e  o n  l e s s  d e n s e  s t r e e t s  w o u l d  o b v i -
o u s l y  c a u s e  q u i t e  a  s t i r  i n  t h e  a c a d e m i c  c o m m u n i t y .  O t h e r  r e s e a r c h e r s  w e r e  q u i c k  t o  c o n -
d u c t  t h e i r  o w n  s t u d i e s  t o  i n v e s t i g a t e  w h e t h e r  t h e s e  r e s u l t s  w e r e  l e g i t i m a t e .  
A  f e w  y e a r s  l a t e r ,  a  f o l l o w - u p  s t u d y  w a s  c o n d u c t e d  i n  D e n v e r ,  C o l o r a d o ,  a n d  i t  a l s o  
f o u n d  a n  a s s o c i a t i o n  b e t w e e n  p r o x i m a l  h i g h  t r a f f i c  s t r e e t s  a n d  c h i l d h o o d  c a n c e r .  
R e s e a r c h e r s  i n  t h i s  s t u d y  e m p l o y e d  t h e  c a s e - c o n t r o l  c h i l d h o o d  c a n c e r  e p i d e m i o l o g i c  d a t a  
f r o m  t h e  p r e v i o u s  S a v i t z  a n d  F e i n g o l d  s t u d y  ( P e a r s o n ,  W a c h t e l ,  &  E b i ,  2 0 0 0 ,  p .  1 7 6 ) .  
C a s e s  w e r e  d e f i n e d  a s  c h i l d r e n  a g e d  z e r o  t o  1 4  w h o  w e r e  d i a g n o s e d  w i t h  c a n c e r  f r o m  
1 9 7 6  t o  1 9 8 3  a n d  w h o  l i v e d  i n  t h e  g r e a t e r  D e n v e r  m e t r o p o l i t a n  a r e a  ( P e a r s o n  e t  a l . ,  p g  
1 7 6 ) .  C a s e s  w e r e  p r i m a r i l y  f o u n d  t h r o u g h  t h e  C o l o r a d o  C e n t r a l  C a n c e r  R e g i s t r y  o f  t h e  
C o l o r a d o  D e p a r t m e n t  o f  H e a l t h  ( P e a r s o n  e t  a l . ,  p .  1 7 6 ) .  A p p r o x i m a t e l y  9 5  p e r c e n t  o f  
t h e  c a s e s  w e r e  c o n f i r m e d  b y  d i r e c t  v i s u a l i z a t i o n  o r  r a d i o g r a p h y  ( P e a r s o n  e t  a l . ,  p .  1 7 6  ) .  
O f  t h e  3 2 0  i d e n t i f i e d  c a s e s ,  9 7  w e r e  l e u k e m i a s ,  5 9  b r a i n  c a n c e r s ,  3 0  l y m p h o m a s ,  3 2  s o f t  
t i s s u e  c a n c e r s  a n d  1 0 2  o t h e r  f o r m s  o f  c a n c e r  ( P e a r s o n  e t  a l . ,  p .  1 7 6 ) .  T h e  c o n t r o l s  w e r e  
s e l e c t e d  b y  r a n d o m  d i g i t  d i a l i n g  w i t h  i n d i v i d u a l  m a t c h i n g  o f  g e n d e r ,  a g e  ±  t h r e e  y e a r s  
a n d  t e l e p h o n e  e x c h a n g e  a r e a  ( P e a r s o n  e t  a l . ,  p .  1 7 6 ) .  
T r a f f i c  d e n s i t y  d a t a  w a s  o b t a i n e d  f r o m  t h e  C o l o r a d o  D e p a r t m e n t  o f  T r a n s p o r t a t i o n  
f o r  t h e  y e a r s  c o r r e s p o n d i n g  t o  t h e  c o l l e c t i o n  o f  c a n c e r  d a t a  (  1 9 7 9  a n d  1 9 9 0 )  (  P e a r s o n  e t  
a l . ,  p .  1 7 7 ) .  T h e  d i s t a n c e  w a s  m e a s u r e d  f r o m  t h e  c e n t e r  l i n e  o f  t h e  s t r e e t  t o  t h e  c e n t e r  
o f  t h e  h o m e  w h e r e  t h e  s u b j e c t  r e s i d e d  ( P e a r s o n  e t  a l . ,  p .  1 7 7 ) .  T h i s  m e a s u r e  w a s  u s e d  t o  
c a l c u l a t e  a i r b o r n e  e x h a u s t  d i s p e r s i o n  f r o m  m o t o r  v e h i c l e s  t r a v e l i n g  o n  t h e  s t r e e t .  P o s s i b l e  
c o n  f o u n d e r s  f o r  t h i s  p a r t  o f  t h e  e x p e r i m e n t  i n c l u d e d  p r e v a i l i n g  w i n d s ,  t u r b u l e n c e  g e n e r -
a t e d  b y  p a s s i n g  t r a f f i c  a n d  t h e  d i s p e r s i o n  b l o c k i n g  e f f e c t  o f  b u i l d i n g s  a n d  h i l l s i d e s  
( P e a r s o n  e t  a l . ,  p .  1 7 7 ) .  
T h e  s t u d y  f o u n d  a  s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n  b e t w e e n  h i g h l y  t r a f f i c k e d  s t r e e t s  
( 2 0 , 0 0 0  v e h i c l e s  p e r  d a y )  a n d  c h i l d h o o d  c a n c e r ,  b u t  o n l y  f o r  c h i l d r e n  l i v i n g  w i t h i n  7 5 0  
f e e t  o f  t h e  s t r e e t  ( P e a r s o n  e t  a l . ,  p .  1 7 9 ) .  A n  o d d s  r a t i o  o f  5 . 9 0  ( 9 5  p e r c e n t  C I  1 . 6 9 -
2 0 . 5 6 )  f o r  a l l  c a n c e r s  a n d  8 . 2 8  ( 9 5  p e r c e n t  C I  2 . 0 9 - 3 2 . 8 0 )  f o r  l e u k e m i a  w a s  c a l c u l a t e d ,  
s i g n i f i c a n t l y  h i g h e r  v a l u e s  t h a n  t h e  p r e v i o u s  s t u d y  ( P e a r s o n  e t  a l . ,  p .  1 7 5  ) .  C o n  f o u n d e r s  
f o r  h o m e s  c l o s e  t o  t h e  s t r e e t  c o u l d  i n c l u d e  n o i s e ,  i n c r e a s e d  l i g h t  e x p o s u r e  o r  s o c i o e c o -
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nomic factors (Pearson et al., p. 179 ). 
The study was good because it improved upon the design flaws of the Savitz and 
Feingold study (1989 ), such as taking into account the presence of other busy streets 
near the home. However, the study still suffered from several limitations. First, the num -
ber of cases and controls were very small, leading to a wide confidence interval, and sec-
ond, data was not collected on the residential history during the relevant aetiological 
period of the child. The researchers conceded to flaws in the study and would not draw 
conclusions based on their evidential association between living near a high-traffic street 
and increased incidence of childhood cancer. 
Knox and Gilman conducted a third case-control study in England, Scotland and 
Wales in which spatial clustering patterns were examined among 22,458 children aged 
zero to 15 from 1953 to 1980 (Knox & Gilman, 1997, p. 151 -9 ). Abnormally high 
occurrences of childhood leukemia were found in children living near motorways and 
industrial plants (Knox & Gilman, 1997, p. 151 -9 ). The highest percentages of cases 
were found within one km or less from motorways (Knox & Gilman, p. 151 -9 ). Knox 
and Gilman concluded that a geographical association existed between childhood cancers 
and petroleum-derived volatiles, effluent from internal combustion engines and kiln and 
furnace smoke and gases. 
This study, too, suffered from limitations and confounders. Matched controls were 
only available for two out of three cases (Knox & Gilman, 1997, p. 151 -9 ). In addition, 
no data was available regarding subject 's residence at conception and microenvironmen -
tal exposures. Also, only crude exposure measurements were used . 
A 1998 small-scale Swedish study conducted by Feychting, Svensson and Ahlbohm, 
also found an association between motor vehicle exhaust and childhood cancer. Exposure 
data was obtained by estimating nitrogen dioxide levels from traffic data and road type 
(Feytchting et al., p. 8-11) . Cases were defined as children aged 15 or younger who had 
lived within 300 meters of high voltage power lines (for at least one year) during the time 
period of 1960-1985 (Feytchting et al. , p . 8-11 ). Only 142 cases and 550 controls were 
included in the study. Results in the highest exposure cases, with levels greater than or 
equal to 80 microg/ m3 indicated a relative risk of 3.8 [ 1.2-12.1] ( Feytchting et al., p. 
8-11 ). The results are limited because of the extremely small number of cases and the 
possibility of confounders such as exposure misclassification. 
A recent population based case-control study in Italy (120 cases) found a nearly four-
fold increase in leukemia diagnoses in high-exposure areas (Crosignani, Tittarelli, Borgini 
et al. , 2004, p. 596 ). Concentrations of benzene were estimated by Gaussian diffusion 
model which considered vehicle emissions, rustances from highly trafficked roads, traffic 
density in surrounding areas and weather conditions (Crosignani et al., p. 596-9 ). 
Researchers improved upon their initial study design by later obtaining information 
regarding the subject 's benzene exposure history, especially focusing on the natal and 
perinatal time period (Crosignani et al., p . 596-9 ). Parents were interviewed by tele-
phone about their lifestyle, residential history and means of transportation ( Crosignani et 
al., p. 596-9 ). However, despite the improvements, the small sample size limited the 
application of results. 
A new U.S . population based case-control study published in 2003 expanded the 
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s c o p e  o f  t h e  p r e v i o u s  s t u d i e s  t o  e x a m i n e  t h e  e f f e c t s  o f  c e n s u s - t r a c t  h a z a r d o u s  a i r  p o l l u -
t a n t  ( H A P )  l e v e l s ,  w h i c h  w e r e  m o d e l e d  b y  t h e  U n i t e d  S t a t e s  E P A  ( R e y n o l d s  e t  a l . ,  2 0 0 3 ,  
p .  6 6 3 - 8 ) .  C a s e s  w e r e  d e f i n e d  a s  c h i l d r e n  u n d e r  t h e  a g e  o f  1 5  l i v i n g  w i t h i n  a  s p e c i f i e d  
a r e a  i n  C a l i f o r n i a  (  R e y n o l d s  e t  a l . ,  2 0 0 3  ) .  R e s e a r c h e r s  i d e n t i f i e d  7 , 1 4 3  c a s e s ,  o f  w h i c h  
2 , 4 4 3  w e r e  d i a g n o s e d  w i t h  l e u k e m i a .  N o  a s s o c i a t i o n  o f  c h i l d h o o d  c a n c e r  i n  g e n e r a l  w a s  
f o u n d  i n  t h e  h i g h e s t  e x p o s u r e  l e v e l s  o f  H A P s ,  h o w e v e r ,  t h e  r i s k s  f o r  l e u k e m i a  w e r e  e l e -
v a t e d  b y  2 1  p e r c e n t  ( R R = l . 2 1  9 5  p e r c e n t  C I  1 . 0 3 - 1 . 4 2 ) .  I n  a r e a s  w h e r e  h i g h  H A P  l e v -
e l s  w e r e  c a u s e d  m a i n l y  b y  i n d u s t r i a l  f a c i l i t i e s ,  t h e  a s s o c i a t i o n  w a s  e v e n  h i g h e r  ( R R = l . 3 2  
9 5  p e r c e n t  C I  1 . 1 1 - 1 . 5 7 )  ( R e y n o l d s  e t  a l . ,  p .  6 6 3 ) .  l n  t h e s e  a r e a s ,  t h e  H A P s  w e r e  m a i n -
l y  b e n z e n e  a n d  p e r c h l o r o e t h y l e n e .  R e s e a r c h e r s  f o u n d  a  h i g h e r  a s s o c i a t i o n  i n  c h i l d r e n  
a g e d  z e r o  t o  f o u r  y e a r s  a n d  s u s p e c t  t h a t  t h i s  i s  d u e  t o  t h e  f a c t  t h a t  t h i s  a g e  g r o u p  m a y  
s p e n d  m o r e  t i m e  a t  h o m e  t h a n  o l d e r  s u b j e c t s .  C o n f o u n d e r s  t h a t  w e r e  n o t  c o n s i d e r e d  
i n c l u d e d  o t h e r  s o u r c e s  o f  H A P s ,  e s p e c i a l l y  t h o s e  c o m m o n l y  f o u n d  w i t h i n  t h e  h o m e .  
S T U D I E S  F I N D I N G  N o  C O I U l E L A T I O N  
A  c a s e - c o n t r o l  s t u d y  c o n d u c t e d  i n  D e n m a r k  i s  a r g u a b l y  t h e  m o s t  c o m p r e h e n s i v e  a n d  
l a r g e s t  s c a l e  s t u d y  t h u s  p e r f o r m e d  o n  t h e  a s s o c i a t i o n  o f  v e h i c l e  p o l l u t i o n  e x p o s u r e  a n d  
c h i l d h o o d  c a n c e r .  R e s e a r c h e r s  m e a s u r e d  t h e  l e v e l  a n d  e x t e n t  o f  p a s t  e x p o s u r e  t o  e x h a u s t  
f u m e s  a t  t h e  r e s i d e n c e s  o f  c h i l d r e n  w i t h  t h e  m o s t  c o m m o n  t y p e s  o f  c a n c e r  c o m p a r e d  t o  
a  p o p u l a t i o n - b a s e d ,  r a n d o m  s a m p l e  o f  c h i l d r e n  w i t h o u t  c a n c e r  ( R a a s c h o u ,  H e r t e l ,  
T h o m s e n ,  O l s e n ,  2 0 0 1 ,  p .  4 3 3  ) .  C a s e s  w e r e  d e f i n e d  a s  t h o s e  c h i l d r e n  b o r n  a f t e r  
D e c e m b e r  3 1 ,  1 9 5 9 ,  w h o  w e r e  d i a g n o s e d  w i t h  l e u k e m i a ,  t u m o r  o f  t h e  c e n t r a l  n e r v o u s  
s y s t e m  o r  m a l i g n a n t  l y m p h o m a  w h e n  t h e y  w e r e  u n d e r  t h e  a g e  o f  1 5 ,  a n d  b e t w e e n  t h e  
p e r i o d  o f J a n u a r y  1 ,  1 9 6 8 ,  a n d  D e c e m b e r  3 1 ,  1 9 9 1  ( R a a s c h o u  e t  a l . ,  p .  4 3 3 ) .  C a s e s  w e r e  
i d e n t i f i e d  t h r o u g h  t h e  D a n i s h  C a n c e r  R e g i s t r y  a n d  t o t a l e d  1 , 9 8 9  c h i l d r e n  ( R a a s c h o u  e t  
a l . ,  p .  4 3 3  ) .  C o n t r o l s  w e r e  i d e n t i f i e d  t h r o u g h  t h e  D a n i s h  C e n t r a l  P o p u l a t i o n  R e g i s t r y  
a n d  w e r e  m a t c h e d  b y  s e x  a n d  a g e  ( e x a c t ) ,  t o t a l i n g  t o  5 , 5 0 6  c h i l d r e n  ( R a a s c h o u  e t  a l . ,  p .  
4 3 3 ) .  
T h e  a v e r a g e  c o n c e n t r a t i o n s  o f  b e n z e n e  a n d  n i t r o g e n  d i o x i d e  w e r e  m e a s u r e d  a t  t h e  
f r o n t  d o o r  o f  e a c h  s u b j e c t ' s  d w e l l i n g  t h r o u g h  t h e  u s e  o f  a n  O p e r a t i o n a l  S t r e e t  P o l l u t i o n  
M o d e l  ( R a a s c h o u  e t  a l . ,  2 0 0 1 ,  p .  4 3 4 ) .  T h e  m o d e l  t o o k  i n t o  a c c o u n t  s u c h  f a c t o r s  a s  
s t r e e t  w i d t h ,  h e i g h t  o f  b u i l d i n g s  a n d  t h e i r  d i s t a n c e  f r o m  t h e  s t r e e t ,  t r a f f i c  d e n s i t y  ( v e h i -
c l e s  p e r  d a y ) ,  t h e  p r o p o r t i o n  o f  v e h i c l e s  w e i g h i n g  m o r e  t h a n  3 , 5 0 0  k g ,  a v e r a g e  t r a f f i c  
s p e e d ,  n e i g h b o r i n g  h i g h  d e n s i t y  s t r e e t s ,  m e t e o r o l o g i c a l  v a r i a b l e s  s u c h  a s  w i n d  s p e e d ,  
t e m p e r a t u r e  a n d  s o l a r  r a d i a t i o n  a n d  b a c k g r o u n d  a i r  p o l l u t i o n  ( R a a s c h o u  e t  a l . ,  p .  4 3 4 ) .  
T h e  d a t a  w a s  c o l l e c t e d  b y  m u n i c i p a l  h i g h w a y  d e p a r t m e n t s  w h o  w e r e  b l i n d e d  a s  t o  
w h e t h e r  t h e  r e s i d e n c e s  w e r e  t h o s e  o f  t h e  c a s e  o r  c o n t r o l  s u b j e c t s  ( R a a s c h o u  e t  a l . ,  p .  
4 3 4 ) .  
R e s u l t s  w e r e  c o n t r a r y  t o  t h e  o t h e r  s t u d i e s  c o n d u c t e d  u p  t o  t h a t  p o i n t .  T h e y  i n d i c a t -
e d  t h a t  t h e r e  w a s  n o  c o r r e l a t i o n  b e t w e e n  t r a f f i c - r e l a t e d  a i r  p o l l u t i o n  a t  t h e  s u b j e c t ' s  r e s -
i d e n c e  a n d  i n c r e a s e d  r a t e s  o f  l e u k e m i a s  o r  c e n t r a l  n e r v o u s  s y s t e m  t u m o r s  ( R a a s c h o u  e t  
a l . ,  p .  4 3 9 ) .  H o w e v e r ,  r e s e a r c h e r s  f o u n d  a  c o r r e l a t i o n  b e t w e e n  a m b i e n t  a i r  p o l l u t i o n  a t  
t h e  t i m e  t h e  c h i l d  w a s  i n  u t e r o  a n d  r i s k  o f  l y m p h o m a s ,  a l t h o u g h  i t  w a s  r e s t r i c t e d  t o  
H o d g k i n ' s  d i s e a s e  d i a g n o s e d  b e f o r e  t h e  a g e  o f  1 2  ( R a a s c h o u  e t  a l . ,  p .  4 3 9 ) .  
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Potential confounders were properly accounted for in the study. Trained employees 
of electric companies investigated the presence o f 50- to 400- kV power lines, under-
ground cables, transform er stations and measured the average electromagnetic fi eld 
strength at each address (Raascho u et al. , 2001 , p. 435 ). Other factors considered includ-
ed the mother 's age and the birth order of the child , as well as the degree of urbaniza-
tion and the type of residence (Raascho u et al. , p. 435 ). There were slight differences 
between the numbers of cases and co ntrols that were bo rn in Copenhagen and that li ved 
in single-family homes (Raaschou et al. , p . 435 ). 
Another study specific to traffi c pollutants and childhood cancer was cond ucted by 
the nearly the same team of researchers that later fo und an associatio n between leukemia 
and HAPs in Ca li fo rnia in 2003 (Reynolds et al. , 2002; Reynolds et al. , 2003). In the 
2002 stud y, researchers identified nearly 6,000 cases, as children under the age o f 15 who 
were diagnosed with cancer between 1988 and 1994 and living in neighborhoods with 
high density traffi c (Reynolds et al. , 2002, p. 665 -73 ). Exposure was defined as levels of 
traffi c ex haust , as estimated fro m three different traffi c models ( Reynolds et al. , 2002 , p. 
665-73 ). Researchers failed to find an associatio n between high traffi c vo lume and child-
hood cancer rates (Reynolds et al. , 2002, p. 665 -73). H owever, the study had a number 
of design fl aws that make the results somewhat questionable. First , no info rmation was 
obtained regarding residential history, which is a very impo rtant factor in the study 
(Reynolds et al. , 2002, p. 665 -73). Second , no infor mation was gathered regarding other 
sources of pollution (indoor or outdoo r) (Reynolds et al. , 2002 , p. 665 -73 ). Since the 
age of subjects included school aged children , it is important to also consider levels of 
pollutio n in or near the schools. 
T he same team of researches conducted a fo llow-up study to refine their methods in 
2004 (Reyno lds et al. , 2004, p. 6-12 ). Cases (5177 ) were defined as children under the 
age of fi ve who lived in Cali fornia and were diagnosed with cancer between 1988 and 
1997 (Reyno lds et al. , 2004, p. 6-12). Controls were matched according to sex and age 
(Reynolds et al. , 2004, p. 6-12 ). T his time, information about residential histo ry was col-
lected , including the mother's residence at the time of birth (Reynolds et al. , 2004 ). 
Exposure was defined as traffic emissions, estimated by traffic density on streets near sub-
jects' homes (Reynolds et al. , 2004). Improvements in this study included a larger sam-
ple size and acquisition of info rmatio n regarding residential history (Reynolds et al. , 
2004). As in their previous study, researchers fail ed to find an association between traffic 
density and childhood cancer rates (OR=.92 , 95 percent CI .73-1.15 ). 
S UMMARY AN D CONCLUSIONS 
Based o n the studies conducted thus far, evidence seems to suggest that the correla-
tion between vehicle admissions and childhood cancer is unknown . While a majority of 
the studies conducted thus far have found a correlation, even a significantly high co rre-
lation in some studies , the study designs had flaws which canno t be ignored; whereas, the 
studies that fo und no correlatio n were much more co mprehensive and o f larger sca le . 
The most notable of these is the Denmark study conducted by Raaschou-Nielsen et al. 
(2001 ), which was the only study to take into account both nitrogen dioxide concentra-
tions and traffi c density fo r the entire lifetime of the subject. 
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A l l  s t u d i e s  a r e  l i m i t e d  b y  t h e  d i f f i c u l t y  i n  m e a s u r i n g  c o n c e n t r a t i o n s  o f  p o t e n t i a l l y  c a r -
c i n o g e n i c  p o l l u t a n t s  a t  t h e  n e i g h b o r h o o d  l e v e l  ( R e y n o l d s  e t  a l . ,  2 0 0 3 ,  p .  6 6 3 - 8 ) .  O t h e r  
l i m i t a t i o n s  t h a t  a r e  m o s t  o f t e n  f o u n d  i n  s t u d i e s  o n  t h i s  s u b j e c t  i n c l u d e  l i m i t e d  s a m p l e  
s i z e ,  d i s e a s e  h e t e r o g e n e i t y ,  e x p o s u r e  a s s e s s m e n t ,  a n d  a n a l y t i c  s t r a t e g i e s .  
A l t h o u g h  t h e  s t r o n g e s t  e v i d e n c e  s u g g e s t s  a  n u l l  a s s o c i a t i o n  b e t w e e n  v e h i c l e  e m i s -
s i o n s  a n d  c h i l d h o o d  c a n c e r  r a t e s ,  r e s e a r c h e r s  s h o u l d  n o t  r e t i r e  f u t u r e  e f f o r t s  t o  s o l v e  t h i s  
p u z z l e .  I t  i s  c o n c e i v a b l e  t h a t  f u t u r e  s t u d y  d e s i g n s  w i l l  m o r e  p r e c i s e l y  a s s e s s  e x p o s u r e ,  a s  
w e l l  a s  a c c o u n t i n g  f o r  h o s t  v u l n e r a b i l i t y  i n  a d d i t i o n  t o  o t h e r  c o n f o u n d e r s  d i s c u s s e d  
a b o v e .  C h i l d h o o d  c a n c e r  i s  s u c h  a n  i m p o r t a n t  p r o b l e m  t h a t  f u t u r e  s t u d i e s  o n  i t s  r e l a t i o n  
t o  p o l l u t i o n  a r e  i m p e r a t i v e ,  e s p e c i a l l y  c o n s i d e r i n g  t h e  m i x e d  n a t u r e  o f  r e s u l t s  t h u s  f a r .  
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